INTRODUCTION
Control of the type of genetic action involved and the coefficient of genetic determination of the earliness trait help the breeder to conduct the breeding programs to obtain early cultivars. Although it presents a high coefficient of genotypic determination, the trait is heavily influenced by environmental factors such as photoperiod and temperature. Photoperiod and temperature interactions with plant development have been widely reported (Wallace et al., 1991 (Wallace et al., , 1993 Wallace, 1995, 1998) .
The number of days from emergence to flowering has been the most used by researchers of the characteristics associated with earliness (Coyne, 1978; Padda and Munger, 1969; Wallace and Enriquez, 1980) . Another characteristic related to earliness is the period between emergence and the physiological maturity of the seeds. Bora et al. (1998) ; Mohanty and Baisakh (1999) reported the influence of the genotype x environment interaction on these earliness-related characteristics.
Bean plant cultivation can be carried out in almost all the Brazilian territory, at different periods and growing seasons and under quite varied edafoclimatic conditions. This makes the genotypes perform differently under various environmental conditions that reflect directly on their agronomic performance. Therefore, in early materials, besides high grain yield and good consumer acceptance of the grains, cultivars are sought with predictable performance and that respond to the stimulus from the environment, as they are sensitive to environmental influences. The influence of the genotype x environment interaction in the phenotypic performance has been reported by Omar et al. (1999) ; Redden et al. (2000) ; Truberg and Hühn (2000) . According to Omar et al. (1999) plant breeding is not carried out only to obtain high yield capacity in the genotypes, but also requires productive performance stability over many environmental conditions. Allard and Bradshaw (1964) considered that two conditions contribute to the interaction of the genotype and the environment to which it is submitted. The first, predictable, is included the variation in the environment that occurs from location to location, within a crop distribution area. Included in this environmental condition are characteristics such as climate, soil and agricultural techniques, etc. The second condition is the unpredictable variance that includes rain frequency and distribution, air and soil temperatures and frost occurrence.
Thus the knowledge of stability and adaptability estimates becomes useful, as according to the concept adopted by Eberhart and Russell (1966) , adaptability refers to the capacity of genotypes to make use of the stimulus or environment and stability refers to the capacity of the genotypes for highly predictable performance in function of the environmental stimulus.
The objective of the present study was to estimate the genetic variability for the characteristics associated with the crop cycle in early common bean cultivars and lines, and assess the adaptability and phenotypic stability of these materials to orient breeding programs to develop superior early cultivars.
MATERIAL AND METHODS

Genetic material
The characteristics related to the crop cycle were assessed and the adaptability and phenotypic stability were studied in five common bean cultivars and nine lines, developed by the IAPAR plant breeding program or introduced from other Brazilian and international research institutions or collected from farmers (Table 1 ). The IAPAR 81 cultivar (ModaCirino et al., 2001 ) was used as the grain yield control and the Goiano Precoce cultivar as the cycle control.
Experiment Conduction
In the 2001/2002 growing season, the experiment was set up in the Experimental Area at the IAPAR headquarters in Londrina, PR, at the Forest Biotechnology, v. 2, n. 4, p. 525-534, 2002 Experimental (CIAT, 1987) and the number of days from emergence to the appearance of the first flower (DPF) and number of days from emergence to the date of physiological maturity (DMF) were assessed following the methodology proposed by Cerna and Beaver (1990) .
The assessments were made at the suitable developmental stages, in the experiments carried out in the five locations, for reaction to diseases, growth habit and plant height, using the methodology proposed by CIAT (1987) . At the R9 physiological maturity stage (CIAT, 1987 ) the traits weight of 1000 seeds (P1000) and total grain yield per plot were assessed. The grain yield data were transformed in kg/ha corrected to 13% moisture.
Data Analysis
The assessed trait data were analyzed using the Genes program (Cruz, 1997) , taking the genotype and environmental effects as fixed effects. The number of days to the start of flowering (DPF) and the number of days to physiological maturity (DMF) data were transformed to square root for statistical analyses, according to Steel and Torrie (1960) .
Individual analyses of variance were carried out for each location and the homogeneity of the variances was checked by the Hartley test, which uses the ratio between the largest and smallest variance, according to Ramalho (2000) . Later, joint analysis of the experiments was performed and the means of the treatments were grouped by the Scott and Knott method at 5% and 1% probability (Scott and Knott, 1974) .
The genetic variation coefficient (CVg), environmental variation coefficient (CVe) and the B index were estimated for all the traits assessed, according to Vencovsky (1969) . The coefficient of genotypic determination (h 2 ) was estimated by the ratio between the genetic and phenotypic variance, according to Cruz (1997) . The phenotypic (r F ) and genotypic (r G ) correlations among the traits assessed were estimated using the Genes program (Cruz, 1997) .
The adaptability and phenotypic stability were estimated by the method proposed by Eberhart and Crop Breeding and Applied Biotechnology, v. 2, n. 4, p. 525-534, 2002 Russell ( 1966) . The significance of the regression coefficient (β 1i = 1) was assessed by the t test and the significance of the deviation from the regression (σ 2 di =0) by the F test at 5% and 1% probability, according to Cruz and Regazzi (1994) . Table 2 shows that the cultivars and lines differed for crop cycle and there was a significant genotype effect for DPF and DMF at 1% probability. According to the Scott and Knott test, the treatments were clustered in three classes for DPF and the Alúbia, Baronesa and Carnaval Pitoco cultivars and the LP99-2, LP99-3, LP99-4 and G-122 lines were grouped in the same class as the control for earliness, the Goiano Precoce cultivar. The test grouped the materials in four classes for DMF and the Alúbia and Baronesa cultivars and the G-122 line were similar to the 'Goiano Precoceć ontrol, showing, therefore, that they were early cycle. Table 2 also shows that the LP20-87, LP20-88, LP20-89, LP20-90, LP20-91 lines and the control for grain yield, IAPAR 81, presented a greater DPF and DMF than the 'Goiano Precoce´ control. These later cycle lines presented an undetermined growth habit (Table  3 ). According to Beaver et al. (1985) the common Bean genotypes with undetermined growth habit tend to mature later. The Carioca Precoce and Carioca 1070 cultivars had DPF and DMF approximately five days after DPF and DMF of the 'Goiano Precoce´ control, respectively, and around six days after those of the LP20-87, LP20-88, LP20-89, LP20-90, LP20-91 lines. Both cultivars can be considered of intermediate cycle.
RESULTS AND DISCUSSION
The estimates of the coefficients of genetic and environmental variation and the B index (Table 2) revealed the presence of genetic variability among the cultivars and lines assessed for the DPF and DMF traits. The coefficient of genotypic determination for the DPF and DMF traits was high, 99.54% and 98.75%, respectively. These results indicate that the traits are little influenced by the environment effect. Wallace (1995, 1998) reported that these characteristics related to earliness are sensitive to photoperiod and temperature. The high values found for the estimates of the coefficient of genotypic determination and the B index suggest a favorable situation for selection.
The genotypic and phenotypic correlations obtained for the DPF and DMF traits were positive and significant, indicating a possibility of simultaneous selection for both traits. transmitted by seeds and there is still no efficient chemical control.
Genotype performance
Grain yield, weight of 1000 seeds, adaptability and phenotypic stability Table 5 shows the results of the assessment of the grain yield and weight of 1000 seeds characteristics performed in the five locations and Table 6 shows the joint analysis of variance of the five locations. When the means obtained in the five locations are analyzed, the LP20-87, LP20-88, LP20-89, LP20-90, LP20-91 lines and the Alúbia cultivar presented total grain yield superior to that of the control for grain yield, IAPAR 81, although this difference was not detected by the Scott and Knott test at 1% and 5% probability.
The individual analyses of variance for these characteristics, as well as the joint analysis, revealed significant genotype effects at the level of 1% probability, showing the existence of variability among the materials for the characteristics assessed. The genotype x environment interaction was also significant. This differentiated response of the common bean genotypes to different environments is in line with results obtained by several authors (Omar et al., 1999; Truberg and Hühn, 2000) . Assessment scale according to CIAT (1987) , where values of 1 -3: resistant; 4 -6: moderately resistant and 7 -9: susceptible. ) can be considered the best parameter for stability. Genotypes with high grain yield and regression coefficient close to one (β 1i =1) were considered widely adaptable genotypes, adapted both to favorable and unfavorable environments, whereas genotypes with regression coefficient greater than one (β 1i >1) indicated genotypes especially adapted to favorable environments, but with poor performance in stressful environments, when compared with their genetic potential. Genotypes with regression coefficient less than one (β 1i <1) maintain their performance in unfavorable environments. Regression deviations equal to zero (σ 2 di =0) indicate stable genotypes, with predictable performance for environmental conditions. Table 7 shows the estimates of the phenotypic adaptability and stability parameters of the cultivars and lines assessed. The results showed the regression coefficients (β 1i ) estimated for the cultivars and lines tested were mostly (81.25% of the total) statistically equal to one, indicating that the materials possess wide adaptability to the different environments. The LP20-87 and LP20-91 lines presented regression coefficient greater than one and the Carioca 1070 cultivar presented coefficient regression less than one, indicating that this cultivar adapts to environments unfavorable to grain yield.
Regarding regression deviation (σ 2 di ), the results showed that the performance of most of the cultivars and lines (62.5%) was stable in the different environments. The Carioca 1070, Carnaval Pitoco, Alúbia and Baronesa cultivars and the LP99-2, LP9903, LP99-4, LP20-87, LP20-89, LP20-90 and LP20-91 lines presented regression deviation not significantly different from zero, indicating that they are cultivars and lines with predictable performance in the environments tested. These stable cultivars and lines presented variation for adaptability and grain yield. The determination coefficients (R² i ) estimated revealed a linearity in the response of most of the materials to the different environments, and most of the cultivars and lines had a determination coefficient between 50% and 80% that indicates the fit of the data to the model used.
According to the results obtained, the Alúbia, Baronesa and Carnaval Pitoco cultivars and the LP20-89 and LP20-90 lines were promising, with high grain yield, regression coefficients equal to one, were adaptable to different climatic conditions, and were stable, showing that these cultivars and lines performed consistently both in favorable and unfavorable environments for grain yield that is very desirable for common bean breeding.
The IAPAR 81 cultivar and the LP20-88 line were also promising because they presented high yield, wide adaptability and regression coefficients not different statistically from one. However, they presented low performance predictability in the environments and the regression deviations were statistically different from zero. In spite of this, these materials should not be discarded as their determination coefficient reached levels of around 58%.
The LP20-87 and LP20-90 lines presented high mean grain yield and adaptability to favorable environments (β 1i >1) that suggested that the grain yield would increase as the environmental conditions improved. The Carioca 1070 cultivar showed wide adaptability to unfavorable environmental conditions (β 1i <1) and high environmental stability (σ 2 di =0).
The development of early cycle cultivars, with high grain yield and wide production adaptability and stability in different environments is important for a breeding program. The Alúbia, Baronesa and Carnaval Pitoco cultivars and the LP20-89 and LP20-90 lines could be considered promising for this purpose.
CONCLUSIONS
The Alúbia, Baronesa and Carnaval Pitoco cultivars and the LP20-89 and LP20-90 lines can be considered as promising cultivars and lines from the point of view of plant breeding because they present high grain yield, wide adaptability and high stability in the different locations;
Based on the estimates of the adaptability and phenotypic stability parameters it can be concluded that the cultivars and lines varied in their adaptation in the tested environments;
The coefficients of determination indicated generally a linearity of response of the cultivars and lines in the environments;
The LP20-87 and LP20-91 lines presented high mean grain yield and adaptability to favorable environments, suggesting increased yield as the environmental conditions improve;
The Carioca 1070 cultivar presented wide adaptability to unfavorable environments and high environmental stability;
The Alúbia and Baronesa cultivars and the G-122 line had a mean number of days to physiological maturity similar to that of the 'Goiano Precoce´ control, and were therefore early cycle;
The Carioca Precoce and Carioca 1070 cultivars had 
